Background: Hospital readmissions are common and are viewed as unfavorable. They are commonly used as a measure of quality of care and, in the United States and England, are associated with financial penalties. Readmissions are not the only possible return-to-acute-care metric; patients may also attend emergency departments (EDs).
H ospital readmissions are common and are viewed as an unfavorable patient outcome with high financial costs. 1 Although estimates of the proportion of readmissions that are preventable vary, 2 there is a widely accepted view that many can be avoided. They have become an established indicator of quality of care of an index condition and the early postdischarge period. 3 Pay for performance initiatives have been introduced in both the United States (Hospital Readmission Reduction Program) 4 and United Kingdom. 5 These initiatives focus on inpatient-to-inpatient readmissions as the only return-to-acute-care metric. They ignore emergency department (ED) attendances not ending in admission, which constitute a significant amount of costly, unplanned activity, much of which is known to be preventable. 6 The need to reduce avoidable ED attendance is a priority in many countries. In the United Kingdom there have been various initiatives to reduce avoidable ED attendance including the promotion of helplines, walk-in centers and extended opening hours for primary care. 7 In the United States a policy of copayments, or cost-sharing, has been introduced in many states which can deter the use of EDs by Medicaid patients. 8 However, it is more common for penalties and targets to be associated with reattending the ED after an ED attendance rather than after an inpatient spell. 9 In the United States particularly, there has been concern that targeting readmissions will result in the increased use of observation units and ED attendance; analyses of Medicare patients in the United States has provided evidence of this unintended consequence. 10, 11 Some commentators have advocated the use of postdischarge ED attendances, perhaps in combination with readmissions, as a performance metric 12, 13 but without giving clear guidance on how this should be done. Given that there is evidence that many readmissions and postdischarge ED attendances are at least partly preventable by the health care system and a possible unintended consequence of readmission reduction programs, we consider whether the 2 should be combined in performance indicators. In addition to considering the precise nature of the return-to-acute-care, the most appropriate time window also needs to be considered. Seventy-two hours to 7 days has been used as the ED reattendance time window, 14 whereas the 30-day window is most commonly used for readmissions but is arbitrary: the 7-day window is more specific to the index hospitalization, whereas a longer follow-up period will lead to more numerically robust rates.
Determining a useful return-to-hospital metric to compare hospitals is complicated and depends on the purpose, and while there is no gold standard measure, we can test each candidate for certain desirable statistical properties. In this paper, we consider 3 key properties: (1) variability between hospitals in the rates; (2) the relative contribution of patient and nonpatient factors to variation in outcome; and (3) the statistical power to detect performance differences.
Each of these 3 statistical properties provides information about the potential utility of the metric. If there is too little variability between hospitals the measure will not be useful for discriminating between them. In contrast, too much variability (sometimes called overdispersion) could suggest problems with data quality and/or insufficient risk adjustment. 15 Secondly, although it is difficult to ascertain the relative contribution of patient and nonpatient factors, different statistical approaches have been suggested. For an indicator to usefully compare hospitals it is desirable that much of the variation is explained by nonpatient, and especially in this case, hospital factors. 16 Lastly, given that performance on hospital indicators can influence policy and hospital income as well as public confidence, it is important that they take into account sample size, that the sample size is adequate to detect performance differences between hospitals, and that such apparent differences are not subject simply to random variation.
We assess a set of hospital-level indicators that use readmissions and/or ED attendances not resulting in admission based on these 3 statistical criteria. We focus on 3 key outcomes: (1) ED attendances-this includes attendances which end in hospitalization and attendances from which the patient is discharged without hospitalization; (2) emergency hospitalizations (readmissions) through the ED or via other routes; and (3) a combined outcome which includes all hospitalizations (either through ED or other routes) and ED attendances which do not end in hospitalization. The combined outcome is important because it represents all unscheduled contacts with hospitals after discharge from an initial (index) emergency hospitalization. We compared the outcomes over 4 different time periods after discharge. We illustrate this approach with national administrative data for England for 2 common patient groups with high ED use and readmission rates: heart failure (HF) and chronic obstructive pulmonary disorder (COPD).
METHODS

Data and Patient Groups
England's national hospital administrative database, Hospital Episodes Statistics (HES), comprises all inpatient, day case, outpatient department appointment, and ED attendance records for all National Health Service (public) hospitals in England. Records belonging to the same person were linked using a combination of the patient's unique National Health Service number, date of birth, sex, and postcode; those with an invalid postcode were excluded (< 1%). Interhospital transfers were linked together to form admissions (superspells) and avoid double-counting. The day of final discharge after any interhospital transfers was taken as day 0 for time to event calculation.
We identified a set of adult patients who were discharged alive from a first emergency hospitalization (index hospitalization) with a primary diagnosis of HF (International Classification of Disease-10th Version 150) and separately COPD (International Classification of Disease-10th Version J40-44) that ended between April 2009 and March 2011 by tracking back 10 years and excluding patients with an HF or COPD admission during that time. This simplifies the readmission trajectory, as multiple admissions are common in this patient group, and represents an important milestone in the progression of the patient's disease. 17, 18 For simplicity and because the coding system used in HES ED attendance records is not specific enough to judge whether the attendance was related to HF or COPD, we considered all ED attendances combined within a given timeframe.
Outcomes
For all patients discharged alive, patients were followed within the database for 365 days after discharge to determine if they were readmitted as an emergency or attended the ED. In line with current quality indicators linked to readmissions, we used all-cause emergency readmissions and ED attendances. Only the first contact with acute care after the index hospitalization was considered: for example, ED attendances following a subsequent elective or emergency admission within 30 days were not included in analyses. Key outcomes were emergency readmission (through any route), ED attendance, and readmission or ED attendance combined. Throughout this paper a readmission is an emergency hospitalization via any route, not necessarily the ED, after discharge from an index hospitalization. We considered time periods of 7, 30, 90, and 365 days since discharge from the index hospitalization.
Analysis Strategy
Crude and risk-adjusted outcome rates were derived for each hospital and patient group. Risk-adjustment models using logistic regression and a set of patient covariates described more fully elsewhere: 19 age group, sex, ethnicity, socioeconomic status, comorbidities, procedures during or in the year before the index hospitalization and whether the patient lives alone. Risk-adjusted ratios of observed to expected outcomes for all hospitals were determined. Expected outcomes were calculated by summing the predicted outcomes, derived from logistic models, for each patient whose index hospitalization was at that hospital. Ratios were first summarized across hospitals using descriptive statistics.
To determine variability between hospitals we used the intraclass correlation coefficient (ICC), which expresses the proportion of variability explained by the presence of clusters, in this case, at hospital level. A random intercept, fixed slopes hierarchical model was used to determine estimates of the covariance parameter, which estimates the variance of the intercepts for the different hospitals, and the residual ICC, a measure of clustering used in hierarchical modelling. The ICC is the ratio of the between-hospital variation to the sum of the between-hospital and within-hospital variation: higher ICC values therefore suggest that a greater proportion of variability in the outcome is explained by between-hospital variation. Higher ICC values are therefore desirable in an indicator. It was computed as ICC = τH/(τH+π 2 /3), where τH is the hospital-level variance and π = 3.14159. 20 The relative contribution of patient and hospital variables to the variance in the model was assed using the omega statistic. 16 With patient variables in the numerator and community and hospital variables in the denominator, ω = 0 would mean that all the variation in the candidate indicator is predicted by factors other than patient characteristics. Low values of ω are therefore desirable. This statistic cannot be used to judge an individual indicator but is useful for comparing them. In line with the approach of Brown et al 21 in their comparison of measures for intensive care unit (ICU) performance, we carried out 2 analyses. Initially we included all patient and hospital variables. In a second analysis, to determine the extent to which hospital characteristics which we could not measure or quantify affected the results, we also determined ω in models that treated hospitals as a fixed effect. Hospital characteristics were selected based on a review of previous literature and available data as per the project proposal: 22 hospital size (in terms of number of beds), 23 doctor supply as doctors per bed, 24 mean bed occupancy, 23 and patients' experience of quality of care based on patient and staff surveys: 25, 26 patient experience of waiting for a bed after arrival, patient experience of discharge, staff satisfaction of care being given, staff rating of effective team working, and whether staff would recommend to friends and family. Omega analysis was carried out using the relimp package in R. 27 To determine the statistical power to detect performance differences, illustrative power calculations were carried out to determine the power to detect a change equivalent to 1.5 times the national rate in a small (25th percentile based on HF discharges) hospital (n = 320). This means that one would have greater power than this to detect larger differences than 1.5 for these hospitals or to detect the same difference at larger hospitals: our calculations are clearly not exhaustive but are fairly conservative. Power calculations were carried out using an online calculator provided by the Statistics Department of the University of British Columbia. 28, 29 Lastly, as funnel plots are increasingly used to identify providers with unusually "good" or "poor" performance, 30 we noted the number and proportion of hospitals with outcome rates beyond 99.8% and 95% control limits, which were labelled as outliers. A weighted kappa was determined to evaluate funnel plot outlier agreement between different outcome metrics. This was done for each outcome and patient group.
Unless noted above, all analysis was carried out using SAS version 9.4.
RESULTS
Descriptive Analysis
During our 2 study years, we extracted 79,750 HF and 99,090 COPD index hospitalizations from 140 hospitals. A total of 67,866 HF patients (85.1%) and 93,188 COPD patients (94.0%) were discharged alive and were included in the analysis. We analyzed results from 140 hospitals. Overall, the proportions of patients who return-to-acute-care, either through attending ED or hospitalization through another route, were high: 6.0% of COPD and 8.0% of HF patients returnedto-care within 7 days, and ∼1 in 5 returned to hospital care within 30 days. For HF patients, 17.4% attended the ED within the 30 days; of these 76.9% were admitted as inpatients. In total, 19.8% of HF patients were readmitted for an inpatient stay by any route. Proportions were slightly lower for COPD: 15.5% attended the ED within 30 days, of whom 74.0% were admitted. The 30-day readmission rate for COPD patients was 16.5%. Hospital level summaries are provided in Table 1 .
Interhospital Variation
Variation in proportions of patients returning to hospital care, quantified using the quantile-based coefficient of variation, decreased as time since discharge from the index hospitalization increased. Interhospital variation was higher for ED attendance than readmission or readmission/ED attendance combined (Table 1 ). The variation was a similar order of magnitude for HF and COPD metrics, although the reduction in variation over time was somewhat less marked for COPD.
The covariance parameter estimates were significantly > 0, suggesting that there was evidence of clustering at hospital level. However, the ICCs suggested that the proportion of the variance which could be attributed to the hospital was low for all outcomes, especially for readmission rates (0.4% or less). The proportion of variance attributed to hospitals for ED attendance was the highest, rising to 4.9% for ED attendance within 30 days for both COPD and HF, although this is still low. For models of readmission, the degree of unexplained variability decreased as time since discharge increased (for COPD from 0.38% to 0.18%). In contrast, for ED attendance the proportion of variance attributable to hospitals increased as time since discharge increased (for COPD from 2.2% to 4.9%). These results are summarized in Table 2 .
Relative Contribution of Patient and Hospital Characteristics
In the initial analysis, when hospital and patient characteristics were included in the model, none of the hospitalbased outcomes had ω <1, indicating that the patient characteristics contributed more to the variance in our models (Table 3) . For readmission, the relative contribution of patient characteristics compared with hospital ones increased (as shown by increasing ω) as time from discharge increased, although confidence intervals suggested considerable overlap. For ED attendance, associations between time from discharge and the relative contribution for patient characteristics were less clear. ED attendance and readmission combined showed similar patterns to readmission.
When hospitals were modelled as a fixed effect to account for unmeasured hospital factors, all ω values were smaller, indicating a lower contribution of patient characteristics relative to hospital ones. This occurs because hospital characteristics which we were not able to measure were now accounted for by these models. For ED attendance for HF patients, ω was <1, that is, the relative contribution of hospital characteristics to variation is greater than that of patients, although the confidence interval included 1 when time from discharge increased to 365 days. For COPD, ω was <1 for 7 and 30 days, although the confidence interval included 1, suggesting that patient and hospital characteristics may be equally important in explaining variation in the outcomes.
Sample Size and Power
The number of patients discharged alive varied from a minimum of 189 for HF to a maximum of 2044 for COPD. We considered the power to detect change in a small hospital, based on the lower quartile for HF patients discharged alive.
In a small hospital (n = 320) the power to detect a change of 1.5 times the national rate was > 90% for all outcomes for 30 or more days since discharge. However, for 7 days since discharge the power was reduced to <50% for COPD and for HF ranged from 48% for ED attendance to 71% for the combined measure.
Impact of Outcome Selection on Outliers
The number of outliers based on 95% and 99.8% control limits is higher for ED attendance than for readmissions (Table S4 in the supplementary material, Supplemental Digital Content 1, http://links.lww.com/MLR/B549). In the majority of cases the number of outliers is greater for COPD than for HF. When ED attendance within 30 days is compared with readmissions in the same time period, more outliers were identified, and there were differences in the specific hospitals identified as outliers. Neither outcome identified any hospitals as being above the upper control limit. Seven hospitals for readmissions and 8 for ED attendance were identified as being above the 95% control limit: only 3 of these hospitals were identified as outliers by both outcomes. Sixteen hospitals were identified as being below the lower 99.8% control limit for ED attendance, but only 2 of these were identified as being below the control limit for readmission (Fig. 1) . ED attendance: any attendance at an ED which can result in hospitalization or discharge from the ED. § ED attendance or readmission: a combined measure which includes all hospitalizations either through the ED or other routes, and ED attendances form which the patient is discharged without hospitalization.
∥ Combined outcome-2 different time points. COPD indicates chronic obstructive pulmonary disorder; ED, emergency department; HF, heart failure; IQR, interquartile range; OR, operating room. Table 4 . Regarding the first 2 properties of higher interhospital variation and larger contribution of nonpatient factors as indicated by the omega statistic, our results suggest that ED attendance is a more useful metric than either readmission or a combination of the 2. With a 7-day window, the combination measure did best on the third property by having superior statistical power to detect important performance differences from the average rate, but there was no advantage at 30 days. Funnel plots found low agreement on which hospitals were ED attendance: any attendance at an ED which can result in hospitalization or discharge from the ED. ‡ ED attendance or readmission: a combined measure which includes all hospitalizations either through the ED or other routes, and ED attendances form which the patient is discharged without hospitalization. § Combined outcome-2 different time points. COPD indicates chronic obstructive pulmonary disorder; ED, emergency department; HF, heart failure; ICC, intraclass correlation coefficient. outliers, with ED attendance labelling the most outliers. This suggests that the 3 types of measures we assessed provide different views of performance. Results were very similar for COPD and HF.
Comparison With Previous Work
Some statistical properties have been assessed for other indicators. One is statistical power, 31 and another is reliability, for instance by comparing one time period's set of hospital-level rates with those for the subsequent time period, 32 or for a single time period for other types of surgery. 33 However, few have used multiple approaches as we have here. Our results suggest that patient characteristics made a higher relative contribution to readmissions than to ED admissions. We followed an approach by Brown et al 21 who, in a very different hospital setting, found that readmission rates to the ICU rather than to any inpatient ward were strongly influenced by ICU and hospital characteristics. Like that study, we found that ω values were lower when hospitals were included as a fixed effect to account for unmeasured hospital factors. The small amount of the total variation in readmission attributable to hospitals, as shown by ICCs, is consistent with previous studies of both readmission 34 and mortality. 35 In addition, Thompson et al 36 concluded that most of the variation for both COPD and HF risk-standardized readmission rates was due to random statistical variation.
As confidence intervals overlapped, the impression that, as time since discharge increased, the importance of patient characteristics in explaining variation in ED attendance rates decreased, was not confirmed statistically. There was also evidence that the variability between hospitals increased as time from discharge increased, as shown by the coefficient of variation. These findings combined may indicate that other factors, including unmeasured characteristics of the index hospital, become more important as time since discharge increases. In England, a high proportion of patients attend their nearest hospital. 37 It is possible that the index hospital becomes a proxy for factors in their local area such as access to primary care. 38 In addition, there is evidence that as elderly patients become more familiar with a hospital through other appointments or previous ED attendances 39 they are more likely to attend ED for urgent care than see their primary care physician. Both of our index conditions, especially HF, affect mostly the elderly.
In line with other studies, there was insufficient power to detect changes when the outcome was not common, 40, 41 which was a result of a shorter timeframe. Although some consider unscheduled return-to-care within 7 days a better measure of quality of care as fewer nonhospital factors are likely to affect the outcome, the lower power raises concerns about the use of this metric. 42 
Strengths and Weaknesses
This study contributes to our understanding of the potential utility of hospital metrics by considering desirable statistical properties of 2 key patient outcomes following discharge from an inpatient spell and comparing different time periods. To our knowledge this is the first study which has compared readmission and ED attendance as hospital metrics.
This study benefitted from national data, so we were able to consider readmission and ED attendance rates for all acute hospitals in England, which includes the vast majority of the population, as private emergency care in England is very rare. We were able to link individual patient-level records for the index hospitalization to those for ED attendances rather than rely on aggregated counts for both. In addition when considering the combined measure, we could identify individual patients and therefore were not doublecounting patients.
This study analyzed patients for whom this was their first hospitalization for the specific condition as the study was part of a larger project. 43 This may limit its generalizability to all admissions for patients who have frequent hospital contacts. We analyzed COPD and HF separately. Results showed similar patterns for both diseases, which provides some confidence in extending the conclusions to other chronic diseases. COPD and HF have been shown to have similar rates for hospital readmissions to other diseases, although readmission rates are higher for HF and ED attendance without admission is higher for COPD. 13 We could have analyzed all index hospitalizations combined, which would have yielded much greater statistical power to detect performance differences, but we chose to use 2 common chronic conditions because we believe that diagnosis-specific outcomes are more actionable. It would be interesting to extend the study to other conditions and specialties that are less similar, such as cancer and elective surgery.
This study has several limitations. Regarding the relative importance of patient and hospital factors as reflected by the omega statistic, we were limited to including factors available from the data. We were thus not able to account for patient factors such as disease severity or physiological parameters. When we determined the omega statistic with hospital as a fixed effect there was evidence that unmeasured hospital characteristics explained more of the variance in the model than measured hospital characteristics. This is a key strength of this statistical approach. Hospital characteristics included were annual measures which applied to all wards, not specific to the patients included in the analysis. We hypothesized that the proportion of readmissions and ED attendances that relate to the index hospitalization reduces over time.
Although primary diagnosis codes for admissions are reliable, 44 information on reasons for ED attendance in HES is less reliable and we therefore considered only all-cause ED attendances. Combining all the reasons for attendance has the advantages of being simpler, giving greater numbers and being less vulnerable to gaming. In addition, the reason for presenting at ED may not appear to be linked to the index hospitalization, but may be revealed as linked only after further tests and investigations that would not be obvious from the data.
CONCLUSIONS
Although there is no gold standard return-to-acute-care metric that can be used to compare hospital performance, and the purpose will affect metric choice, metrics can be compared based on their statistical properties. We found that ED attendance within 30 days has statistical properties that suggest it has the potential to be a useful metric when comparing hospitals.
We appreciate that there are other considerations when choosing metrics such as data issues (eg, data availability, data quality, casemix adjustment potential) and user issues (face validity, stakeholder acceptability). However, reducing avoidable ED attendance is a key focus for health services. Like readmissions, they have a financial cost and put pressure on individual hospitals. By not including ED attendance in the period following a discharge from an inpatient stay we may be missing an important quality of care metric.
